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ACS Nano, 9(7): 7678-7689 (2015)
ACS Nano, 4(10): 6267–6277 (2010)
Piezoelectric nanomaterials
Ciofani G., Genchi G.G. and Mattoli V. ZnO nanowire
arrays as substrates for cell proliferation and 
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Barium Titanate Nanoparticles
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BTNP-MEDIATED STIMULATION
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ACS Nano, 9(7): 7678-7689 (2015)
Politecnico di Torino
Istituto Italiano di Tecnologia
























P(VDF-TrFE)/BaTiO3 nanoparticle composite films 
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P(VDF-TrFE) + BTNPs (cryosection)
1) Powder dissolution/dispersion in   
methylethylketone:
200 mg/ml P(VDF-TrFE, 70/30)
40% P(VDF-TrFE) and 60% BTNPs (w/w)
2) Sonication at 8 W for 10 min
3) Casting
4) Annealing at 40°C
5) Under vacuum for 12 h
10 µm
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Cube-within-cube model by Ogorkiewicz and Weidmann
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Ca2+ imaging








































1 W/cm2, 100 Hz Burst Rate
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US- US+ US- US+
Chronic ultrasound stimulation: 1 W/cm2, 100 Hz 
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DIRECT LASER WRITING
• 3D Laser Lithography
• Resolution < 100 nm
• Two-photon polymerization (laser 
780 nm, power > 60 mW)
• Dedicated resist
Politecnico di Torino
Istituto Italiano di Tecnologia
DIRECT LASER WRITING
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DIRECT LASER WRITING: THE PROCESS
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THE OSTEOPRINT
50 µm
3D model of trabecular bone Adhesion of SaOS-2 cells
Differentiation of SaOS-2 cells (confocal & SEM)
Marino A., […], Ciofani G. The 
Osteoprint: A two-photon 
polymerized 3D structure for 
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BTNP-DOPED RESIST
• BTNP mixed with ormocomp
• Sonication
• 2pp process
• SEM/FIB/EDX analysis: BTNP 
uniformely dispersed in the 
structures
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BTNP-DOPED STRUCTURES
• 2pp of complex structures
• BTNP uniformely dispersed in 
the 3D scaffolds
• SHG signal detection
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Piezoelectric characterization: AFM & PFM
Piezoresponse amplitudeTopography
d33 = 0.6 pm/V
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BTNP-DOPED “OSTEOPRINTS”
BTNPs actin nuclei merging
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Marino A., […], Ciofani G. Two-photon lithography of 3D nanocomposite piezoelectric scaffolds 










OP OP + US OP + BTNPs OP + US + BTNPs
• Human Saos-2 cell testing


























• Evaluation of the 
mineralization
• Osteoimage staining
• Quantification of HA 
deposits
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• Tuning of physical
properties
Marino A., […], Ciofani G. Biomimicry at the 
nanoscale: Current research and 
perspectives of two-photon polymerization. 
Nanoscale, 7(7): 2841–2850 (2015)
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